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Persistence and Disappearsnce of Herbicides in Tropical Soils

GEOFFREY E. BLACKMAN, JOHN D, FRYER, ANTON LANG, AND MICHAEL NEWTON®

SCOPE OF WORK

A very obvious ‘and legitimate question poses itself when an
extraneous material has been introduced into tixe environment: how long
will this material persist, or how fast will it disappear? Disappearance
in this cese means loss of its characteristic activity either in its
original form or in the form of derivative(s). ' For the military
herbicide operations in South Vietnam (SVN) this question is particularly
obvious and urgent. Herbicides have been used in those operations at
levels roughly five to ten times higher then in normal aegricultural
practice, and some areas were sgprayed twice and more often, sometimes
within a ;‘elatively short time. Where effects of defoliation persist,
as in the mangrove forests, 1s it because the herbicides are still active,
or because of other changes induced by the herbicides, even though the
latter themselves may have disappeared?

In addition, claims have been made--in articles on the effects

of the use of herbicldes in the Vietnam war, in news reporta, end

®Professor Blaclman, a member of the Committee on the Effects of
Herbicides in Vietnam, is Professor Emeritus at the Department of Forestry,
Oxford University, Oxford, England OX1 3RB. Mr. Fryer, a member of the
Committee on the Effects of Herbicides in Vietnam, 1s Director of the Weed
Research Organization, Agricultural Research Council, Begbroke Hill, Sandy #~
Lane, Yarnton, Oxford, England 0X5 lPF. Dr. lang, Chairman of the Committec
on the Effects of Herbicildes in Vietnam, is Director of the MSU/AEC Plani
Research Laboratory, Michigan State University, East Lansing, Michigan
48824, Dr. Nowton, a consultant to the Committee on the Effects of Herbicides
in Vietnam, l1s Associate Professor of Forest Ecology, School of Forestry,
Oregon State University, Corvallis, Oregon 97331.
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elsewhere--that these compounds have "poisonci” the soil, rendering

large areas incapable of supporting elther indigenous or crop vegetation.
Some of these reports convey the lmpression that vast parts of SVN are
barren end will remain so for unknown but extensive perliods of time. The
term "ecoclde," 1.e., @estruction of the plant and animal community on e
large scale and in an irreversible manner, has.been used.

The Committee therefore considered soil gbudies on persistence
end disappearance of herbicides among 1ts essen:tial tasks. This task
was approached in two ways.

First, on our forays into different parts of the country we
collected soil samples in areas ?hat had been sprayed operationally
with herbicidgs during the Vietnam war., As far as possible, emphasis
was placed on sites that had received high total doses of herbleides,
since 1t seemed that the prospects of finding measurable residues
would be highest at such locations. However, this collecting activity
wes greatly limited by security problems. Thué, only one iﬁland forest
aite could be sampled, and it had received only two sprays. The
total number of samples from operationally-sprayed areas was 4S.

Most of the semples were subdivided into two or three parts and

almost all of them were analyzed for two different herbicides, and some
for three; hence, the total number of analyses wes about 200. The
Comuittee also collected some water samples from & river in the heavily-
sprayed Rung-Sat Special Zone mangrove areea.

Second, the Committee conducted a number of experiments in
vhich the soil surface was sprayed with herbicldes at a known rate

equivalent to that used in a single operational spray mission. The

*
B
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disappearance of the compoundi was then followcd by sequential tests

over a period of about 150 to 250 days.a The reason for doing these
experiments was that when the Committee started its work, one and a half
years had elapsed since the termination of m;jor herbicide operations.

Tt was thus too 1ate*%o observe the early stages of herbicide behavior

" in the soil. However, a knowledge of these early stages is very impor-

tant if valid conclusions are to be reached about the course of the
disappearance of’ the herbicides. In addition, it appears that where
crops had been destroyed by herblcides, farmers were sometimes hesitant
to replant, being afraid that the new crops would also be killed or
damaged. The Committee was on several occasions asked when replanting
would be gafe. About 1000 s0il samples were apalyzed for herbicide con-
tent during this phage of the Committee'’s work. In addition, a series of
biological tests to evaluate the rate of disapp.arance of herbicides was
undertaken.

All herbicide experiments in SVN were conducted with the authori-

zation of the GVN and, where appropriate, of thc proper local authorities.

aThe Comnittee also conducted an experiiment in which two strips of
mangrove, each 400 ft (100 m) long by 120 £t (30 m) wide and totalling
less than 2 acres, were sprayed by helicopter with Agent Orange and Agent
White, respectively. The objectives were to study the early responses
of the plants, to determine differences in sensitivity, and to
investigate the behavior of the herbicides in ire soil under conditions
comparable to those of wartime herbicide operations (or, more exactly,
to follow up the consequences of the first herbicide application to
vegetation). However, this experiment falled; the sprayed vegetation
exhiblited only minimal symptoms of damage and th.se had almost completely
disappeared seven months latcr. The reasons are not entirely clear. The
herbicide batches used were thc same as those that proved very effective
when sprayed by hand on soil. Most probably, ihe cquipment, which had
not been in use for quitc a long time, was not functioning properly and
did not deliver the specified amount of herbicide., No analyses for
herbicides were done from these plots. :
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work. Blological determination was used primarily in the experiments
with agricultural crops and solls because here the advantage of this
method, as just mentioned, 1s particularly evident. If a plant does not
show measurable effects six months after application of a herbicide to

the soil, it can be concluded that this particular plant, if resown,

- will remain undamaged in future plentings, provided cultural and environ-

mental conditions are not asppreclably changed: , The test plants that
were chosen for the Committee's experiments were rice and other crop
plants of considerable present or potential value in SVN and other
tropical countries. Biological measurements of herbicide effects on
mengrove seedlings were also carried out, Serial plantings vere made

in order to determine how long herbicides have direct adverse effects

on mangrove seedlings, and‘also to obtain some information on conditions
for reestablishment of the mangrove.

The first chemical determinaticns were carried out b& the Weed
Regearch Organization, Yarnton, Oxford, England. Subsequently, the
analytical work was conducted under a subcontract with the Huntingdon
Resgearch Centre, Huntingdon, U.K., an organization with considerable
experience and an excellent reputatlon for this kind of work. The
analyses were made mainly for 2,4,5-T, one of th2 compounds in Agent
Orange, and for picloram, one of the compounds in Agent While, because
81l experience indicates that these are more stable than 2,4-D (which is
present in both Orange and White). 2,4-D was determined only in selected
samples, usually those with a high contert of either of the other two
compounds. The snalyses were carried out by means of electron capture

gas chromatography. The methods used were the most up-to-date standard
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residue procedures avallable and have beer proved ln geveral different
laboratories. For picloram a basic extraction followed by esterification

with diazomethane (McKone and Cotterill, unpublished) was used; for 2,4,5-7

the residues were extracted into an organic so;lvent and then tbe n-butyl ester
(McKone and Hance 19}'23 w;s the preferred derivative. Following routine pro-
cedure in herbicide work, all results are given aé acid equivalents, dlsregarding
the moiety of the molecule that forms the ester. The results for soils are
expressed as lb/acre of soll surface, i.e., as if &1l herbicide in a sample (or
subsemple) was deposited on the surface of the soll. Water samples are reported
in parts per million (ppm). Values preceded by a < mean that no herbicide
could be detected at this level of sensitivity. It will be seen from the results
that the limit of detection varied to some extent from one batch of semples to
another. This was because of slight changes 1n the sgensitivity of the electron
cepture detector over a period of time, and in a few cases also because of
varying emounts of material available, (If these amounts drop below a certain
1imit, the sensitivity of the analytical methods decreases.) The accuracy

of the results was ensured, however, by the inclusion of some analytical
standards with each set of samples. ‘

To check the reliability of the determinations, e random selection of
samples with high, medium, and low herbiclde levels was analyzed by the Gulf
South Research Institute, New Iberia, Loulslana: the comparative results are
shown in Table I. It can be sgeen that at low concentrations, near the detection
limit, the agreement between the two determinations was generally good; at higher
concentrations, the values found for the two forest soils by GSRI were consider-
ably lower than those of HRC. In our evaluations we used the HRC data, elnce
their results for control tests (samples takc;n immediately after spraying) were--
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Teble I,

..

Compavative determinations of 2,4,5-T and plecloram in soil samples by Huntiogdon
Research Center and Gulf South Research Institute,

T
ster Data in ppm. < = below this detection limie, KD = not detected,
: 2,4,5-T Picl
- cloram
ro- . .Sample bl
Soil ‘ o, HRC GSRI HRC GSRI
garding * Mangrove (VYung-Tau,SV) 1 2,99 3,203 0.46  0.260
e 2 1.28 1.114 0.342 0.102
3 0.59 " 0.510 0.047 0,032
e (or 4 0.26 0.096 0.06 0,012
ported 5 0.06 0.049 0.006 0.003
6 0.03 .0.016 <0,004 ND
e
results Mangrove (Rung Sat) 1 0.03 0.005 <0,002 ND
2 0.013* 0.005 <0,002 ND
18 to 3 <0,02 0.005 <0.001 1))
\etron 4 <0.005%  0.005 <0.,001 ND
: Forest (Pan-Me-Thuot,sVN) 1 3.16 0.412 0.402 0,115
“ain 2 0.58 0.245 0.060 0.041
3 0.02 0.016 0.003 ND
7
' Porest (Los Bafios, 1 8.09 0.332 1.265 0.132
k Philippines) 2 1.13 0.079 0.03  0.003
' 3 0.02 ” 0.011 0,005 ND
of
ulf %Analyzed by Weed Research Organization
Note: The samples for 2,4,5-T and for picloram are not always ildentical
are
tection
it higher
msider-
wrnce
) were--
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with & single exception--very close to the theoretical velues. (The

GSRT analyses did not include such control tests.)

Soil Sampling

Soil sampling was done in two ways. Surface samples were collected

mostly with the aid of metal (iron) cans, 5 in. (12.5 cm) high end of the
same diameter, which were pushed into the soi;' and then extracted with
the ald of a spade. This procedure was meinly used with mangrove soils,
since they are soft enough to permit complete insertion of the can. Deeper
semples, which will be called cores, were collected with soil samplers
specially constructed by the Wegd Research Organization. Two different
but similar samplers were used, both consisting of a metal tube with
sharpened bottom edges, either 2 in. (5 am) or 1.75 in. (4.4 cm) wide

and either 36 in. {90 cm) or 30 in. (75 em) long. Both samplers were
provided with strong, interchangeable metal caps: one plastic-covered to
minimize damage when driving the sempler into the soil, the other pro-
vided with handles to extract it agsin. There were also removable split
inside liners for extracting the cores, but these proved to be of limited
value and the cores were usually pushed out of the sampler tube with &
metal rod with a disk at one end. When muddy soil (mangrove) was collected,
an adjustable air vent at the upper end of tke sampler tube was left open
vhile inserting the sampler into the soll, to permit escape of air. The
vent was closed, or the upper opening of the tube simply plugged with a
rubber mallet, when the sampler was extracted, thus generating a vacuum
that helped keep the soil in the sampler tube, Sometimes, a metal tube
with a metal rod inside was pushed into the mud next to the sampler and

*
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the rod then wilhdrawn; this permitted eir to penetrate to the end of the
sampler, relleving a vacuum and facilitating the extraction of the
sampler. In many cases, both with herd forest soils end with soft man-
grove mud, the sampling proved an arduous aﬁd time-consuming task, and
despite all precautf%né the contained cores were often considerably
shorter than the length of the sampler becausc part of the core slipped
out of the sampler and/or becsuse the friction between the soil and the
wall of the sampler tube either caused the core to compact or prevented
the soil from entering the tube beyond a certaiﬁ point.

Wherever soll samples wevre collected, some control samples were
taken from areas that had not been exposed to herbicides. These controls
served to ascertain whether the soll zontained natural materials inter-
fering with the determination of the herbicides. If this was so, the
analytical procedures were modified so as to exclude such sources of
error. Criteria used for choosing the control sites were: information
on herbicide missions in the area (printouts from the HERBS tape and,
where availlable, information from local militery personnel); condition
of the vegetation; and information from the local population {village and
district officials, end farmers or woodcutters). In the mangrove, where
sprayed arcas exhibit pronounced damage and often complete kill of the
mangrove trees, identification of control sites was not difficult. Good
local information faciliated location of the forest sites at Pran Buri,
Thailand, and Cau Muoi-Mot, SVN, as well. In other locstlons, the
identification was a good deal less rellable, and it appears that some

of the control sites had been exposed to herbialde, too.
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The surface samples were stored in the cans, which were closed
with their lids. The cores were in most cases divided into two or
three parts and placed either into double polyethylene bags or, more
commonly, into plastic jars with airtight screw caps. In the case of
mangrove solls, #hich are highly anserobic (i.e., lacking in air and
particularly in oxygen), care was teken to fill cans and jars to the rim
and to tape the lids of the metal cans wit;h masking tape, thus reducing
exposure to air, which might cause changes in the soil and thus elso
effect herbicides still present in it. The samples from SVN and the
Philippines were stored in a deep freezer and shipped for analysis in
frozen condition. All effort was made to complete these safety procedures
as ra.pid:{.y as possible, ami in most ceses the samples were placed in the

deep freezer on the evening of the day of sampling or on the next day.
However, particularly in the earlier peart of the Committee's work, this
was not always possible and samples occasionally had to remain unfrozen
for as long && one week. In some cases, 1t was possible to keep them

part of this time in a refrigerator.
Water samples were kept in plastic containers in the dark to

prevent breaekdown of herbicldes by light. Some formalin was also added

to prevent decompostion by microorgenisms.

HERBICIDE DETERMINATIONS IN S0ILS AND WATER FROM DEFOLIATED SITES

Sites

The sites that have been subjected to herbicide sprays in connec-
tion with the Vietnam war and from which the Committee took soll samples

are listed in Table II. Two were in an area in Thalland that had been

10
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Table II.

Location, herbicide gpraying history, and soll sampling information for
1and sitesz that had received herbicides during militery operastion.

1ocation -~ (8VH, Spray history

a
unless otharwise noted) Date Agent Amount Date

No, & type of samples .

Foregt, Pran Buri, Thailand: June 1965 Orange 9.1 1b/acre Sep 30,1971 28 cores (2 sa. from 4 sites)
herbicide spray test gite, + picloram 0.5 = ca. 16-26 in,, divided in
Plot 28 upper organic part (ca.

6 in.}) and remainder

Calibration Grid, Pran 1964-65 Purple . 986 lb/acre Oct 1,1971 6 cores, c8. 26-32 in.,
Buri., Thailand Pink 497 = 3 ea. from & bare {Hos. 1-3)

. Orange 310 - and from a grass-covered
Dicamba © 128 » (Nos. 4-6) ares and 2 from
Cacodylic an area suppogsedly outside

acid ¢Blua) 57 " the grid (Na. 7,8): all
Picloram 20 » divided into 3} ecual zectiona
= total of ca, 8B40 1b 2,4=D;: ca, {T=top, Memiddle. Bebottom)

960 1b 2,4,5~T: 128 1b dicamba; .

57 1b cacodylic acid, 20 1b : .

picloxram per acre , -

Crop land: dunmp gite nesr Dec 1, 1968 1000 gal. oOrange Oct 8, 1971 4 cores. ok, 28-35 in.
Chisus~Lieu Hamlet Tan- dumped on circulsr divided into 3 approx,
Dong=Hiep village, Di-An path from 1800 ft, equal szections (T,M,B)

pistr,, bBien~Hoa Prov.

Forest: Cau Muod-Mot Dac 1, 1968 White 1 gal/acre Oct 16, 1971 4 cores, ca. 331=34 in,,
strongpoint. ca,8 mi. Apr 12,1969 Orange 3 - divided into 3 equal

{12 km! north sections (T,M,B)
Dong=Xoal Village,

Don=Luan Digtr,., Phuocw
Long Prov,

ED_001818_00000115-00013
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Tabie II, continued

[ —

Location = SVH Epray history a
{Unlass otherwize noted) Date Agent * Amount Date Ro, & type of samples
Mangrove, Rung Sat Special
Zone .
Sits #1 Mar 1, 1965 Orange 3 gal/acre Oct 9, 1971 3 surface samples,
Jan 6, 1966 Orange 3 hd depth not determined,
Nov 11, 1967 Orange 3 bt = RS~1 through -3
Rug 3, 1968 white 3 "
hug 4, 19268 Orange y Mar 9, 1972 2 cores, 36 in., divided
Bug 7 1968 Blue 3 " into 3 egual parts (7T,M,B)
Aug 8, 1968 Orange 3 " » R5-4 and -5
Aug 9, 1968 White 3 .
Aug 18, 1968 Orange 3 bd Aug 31,1972 & gurface samples (5 in,)
= minioum of 86 1b 2,4-Dy and 6 coxeg (ca, 30 in,)
79 1b 2,4,5-T) from same sampling sitaes
3 1b picloram dividaed into 2 equal. mections
9 1b cacodylic acld per \ (T,B) = RS8-6 through ~11
*  acre; compare taxt, -
Bite #5 Aug 31,1972 6 gamples same as Site #1
31 Aug 72 - RS~12 through
-17 §,T,B
Site ¥ One sample each, same s
Bite #7 Aug 31,1972 Site $1.Mar 9%, 1972 (T,M,B)
Site #8

= RS-18 through =20

ED_001818_00000115-00014
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Table II, continmaed,

Location - SVN Spray history a

{Unless otherwiss noted) Dats Agent Amount Date No. & Type of Sanmples -

Mangrove, Ca=Mau Peningula: July 1968 Orange ? Oct 1 ., 1971 3 samples each consisting of
Ca, 9=45 yd both zides of geveral cores, ca, 36 in..
airstrip at Nam~-Can Villw which had been divided into

age, Name-Can Digtr.. Ane

3 partex6 in.~6 in.=~
Xuyen Prov/

remainder (T-M=B)y pluas one
sample 12 4in, only: T and M

Cs. 3 mi. northenortheast Sep 20-21,

of Nam-Can Naval Bass, 1962 Purple 3 gal/acre Oct 12, 1971 3 samplaes as in Ca=Mau
west bank of Kinh-Ngang Mar 11, 1970 White 3 " Peninsula, above
canal Apr 8, 1970 Crange 3 o

Rpr 21,1970 White 3 "

Site appears to be
on boundary of White
and Orange spraysg

a The figures are the depth of the hole. The length of the core was o;ften congiderably less,

due to compacting and/or friction preventing the soil from entering the sampler. This was
particularly marked with many mangrove ssmples.

bhg.nt Pink = S0% 2,4,5«Twnebutyl ester
40% 2,4,5-T-iscbutyl ester

€ Dicamba = 3,6 dichloro-g~anisic acid (controls certain phenoxy
tolerant broadlesf weeds and brush specieg)
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uged for extensive trials with different herbicides in 1964-65, prior to
large-scale use in SVN. No herbicide symptoms were seen on native
plants, crops, or weeds. Samples were collected from one of the few trial
plots that could still be definitely located (Plot No. 28), and from the
center of the so-called Calibration Grid. The latter is an old rifle
range at the Pran Buri Training Center, and &1l treatments that were
used in the ipdividual trials had been sprayed over this site. The
direction of the sorties was at varying angles according to wind, but
ell intersected in a central area that, at the time of the Committee's
visit, still stood out cleariy because of szeveral large patches of
completely bare soil or very restricted vegetation, mostly grasses
(Imgeraf:a and others). This site had received truly formidable guantities
ofﬁsome herbicides, e.g., 70 times more 2,4,5-T and almost es much more
2,4-D as delivered on one regular herbicide mission with Agent Orange
(or 140 times as much 2,4-D as on one Agent White mission).

In SVN, the Committee was sbtle to take soll semples in a so-called
dump area, i.e., an area where, because of engine or other trouble, a
plene delivering herbicides had released (dumped) the entire load over
a relatively small area. The sampling site., which was in an area
presently under crops (at sampling time, mainly peamuts), was originally
located from the report of the pilot of the dumping plane and was
subsequently verified by interviews with distriet and village officials
and with villagers. It was definitely wilthin the perimenter of the dump,
although probably nearer its edée than its center. At the time of the
Committee's visits, many dead trees--mostly fruit trees--could be seen,

either still standing or, more frequently, felled and cut for firewood.

14
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Some frult trecs had dead branches thet may have been the result of
herbiclde damage, although the trees had produced new growth and were
bearing some fruit. Some tall, unidentified trees looked quite normal,
however, suggesting that the dose of herbicide had not been excessively
high as comparcd to regular herbicide missions. (The dump was mede from
* @ height of 1800 £t or 540 m, as compared to the 150 ft or 60 m of the

reguler defoliation mission.) »

4

The one inlend forest site that could be sampled in SVN had
been subjected to one Orange and one White mission. The area had been
heavily disturbed by long-term human actf.vity;‘ only a thin stand of
large trees and much old bamboo 'we:re present, and the trees were either
dead or exhlbited clear herbicide damage.

In contrast, a relatively substantial number of samples were
collected on several trips to the central part of the Rung-Sat Specisl
Zone, in a mangrove area that has received more herbicide sprays than
any other reglon in SVN. One site, our #l, had been within the recorded
flight lines of nine missions and received six times as much 2,4,5-T and
seven times as ruch 2,4-D as a single Agent Orange mission, or about 1lh4
times the amount of 2,4-D as & single Agent White misslion. Moreover,
these are minimum velues; no less than 24 other missions had passed near
the site between January 19G6 and Septemder 1968, and the site had almost
certainly been reached by additional herbicide--if not directly, then by
drift. The level of herbicide exposure of the other. sampling sites in
the Rung-~Sat mangrove was undoubtedly similar. In the mangrove of the
-a=Mau Peninsula, the southernmost tip of the country, samples could
De taken from two sites. One of these, situated close to the Nam-Can

15
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Naval Base, hed been hand-sprayed with Agent Orange. Date(s) and amounts
are not known, but since some of the mangrove plants showed regeneration,
the level was probably not higher and perhaps somewhat lower than from
an eircraft spray. The second site, on the Kinh-Ngang Canal sbout 3
miles (4.8 Jm) northeast from the first, had received a spray with Agent
Purple, a precursor of Orange, in 1962, and two White &nd one Qrange
sprays in March-April 1970. The sampled area was entirely devoid of
live mangrove trees but was covered in p;rts by a creeping grass
(Paspalum s=p.).

As far as possible, sampling was done according to some pattern
eimed at & uniform distribution over the accessible area that also included
different parts of it. fér exemple, in some of the mangrove sites
completely bare areas were examined along with areas covered with gress {mai
Paspalum vgggnatum) and bearing some mangrove seedlings. Sometimes,
however, e.g., in the Cau Muoi-Mot forest, the accessible ares wasz so
small that sampling had to be done at random.

Water samples were taken on two occasions ln the lower part of
the mein shipping channel to Saigon that runs through the Rung-Sat Special
Zone, beginning at our lahd site RS #1 and going south on the Dang-Xay,
Mu-Na , and Dong-Tranh Rivers. Some control samples were collected in
a small channel near our experimental sites in the mangrove of Chi-Linh
near Vung-Tsu (see below). The sites of the second Rung-Sat samplings,
made on August 31, 1972, are shown in Figure IV C-5, Section IV, Mangrove
Forests, Part A of the Report on the Effects of Herbicides in South Vietnam.
No precise record was kept of the first sempling occasion in the Rung-Sat,

but the area was similar to that of the second occasion. All samples were

16
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taken at outgoing tide and near the water surface.

Results: Soil Samples
Results of the soil analyses are summarized in Table IIXI. Sub-

stantial levels of picloram and 2,4,5~7, sufficient to prevent growth or
to cause serious malf;mations in many broadleaf plants, were present six

. years after application in some of the soil samples from the Callbration
Grid in Pran Burl, Thailand. Picloram was :E‘m;n'd throughout the length of
the cores, but except in one (out of six) the concentrations in the bottam
third (20 to 30 in. or 50 to 75 cm) were low. ° 2,4,5-T was found in the
top and middle thirds (top, O to 10 in. or O to 25 cm; middle, 10 to 20 in.
or 25 to 50 em) 4in one sample, snd in the top third in three samples;

nope was found in the bottom thirds.

Regidues of both 2,4,5-T and picloram were also found in some soil
samples from the Rung-Sat mangrove. Sample Site #5 (semples RS #12-17)
seemed to contein 2,4,5-T consistently, particularly in the subsurface
(below about 15 in. [38 cm] and to about 30 in. [75 aml). No detectable
amounts of picloram were found at this site to the depth that could be
reached with the soil semplers. Some samples at Site #1 (samples RS #1-11)
contained 2,4,5-T or picloram, and picloram but no detectable 2,4,5-T was
present in the single samples from Sites #6, #7, and #8 (samples RS #18-20).
In Sites #. and #2, presence or absence of vegetation--including some
mangrove gseedlings--at the sampling sites seemingly was not linked with
the variation of herbicide content in the soil., All herbicide levels

found in the Rung-Sat mangrove soil are below those that can be expected

17
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Table III.
Herticide residues in the s50il samples of Table II, in lb/acre.

- = pot sampled or analyzcl. = below detection limdt. §/T = surface
sarpies or top portlons of cores, B = bolton portions of cores.
?,kp 2,4,5-T ' Picloram
Site Sample No. s/t B s/T Dy 8/ B
Forest, Pran Furl, a e a "
Plot 28 1-8 - - |¢0.005% 20,0057 | ¢0.001% <0.,001
Calibration fivid,
Pran burl 1 <0.07 -20.06].0.03 _0.03 1.03 0.003
2 ~0.08 <0.06}<C,03 < 0.03 0.43  <0.003
3 £0.06 <«0,06] 1.35 0.03 0.72 0.008
l' "':0006 - 00% C o% 0«'23 0060 1’19
5 20,07 <0,06] C.06 <0.03 0.24 0,004
6 ~#0.08 20,06} .09 :0.03 1.09 0.0)
7 .
8
Dump Site
Di-an Distr. 1-h [c0.04° <o.04fr0.005 <0.005 | -
Balked - - |£0.005 - -
Forest,
Cau~Muol-Mot 1-k - - 1<0.006 0.006 {<0.001 £0.001
Mangrove, Gite #1 Re-1 - - o.omg - <ol -
Rung-Sat R8-2 - - | o.0137 - £0,001 1 -
RS~3 - - 1<0.005 - £ 0.00L -
RS-b - < 0,007 < 0,008 0.002

RS-5 | <£0.007 - [<0.006 - <0.006 -
RS-6 1<0.046 <0.04]<0.04 .. 0.035 [<0.00k <« 0.004
RS-7 - - 0.09 <0.036 |<0.004 < 0.004
Rs-8 J«0.0h <0,041c0,02 0.079 {<€0.008 < 0,004
RS-0 - - 0.19 ..0.031 {<0.004 «0.004
rs-10 lco.0b6  <o.04} 0.2 0,032 1<0.00k <0004
R5-11 - - [c0.03 0.032 40,004 < 0,004

site #2 Rs-12 j<0.04 < 0.04) 0.015 0.179 |<0.004 < 0,00b
R3-13 - - {£0.01 0.023 {<0.004 <O0.00k
RS-14 {-0.06 <O.04f O.24 0.057 {€0.00k < 0.004
RS-15 - - | 0.02 0.109 {£0.004 <€0.004
RS-16 [£0.0b <0,04i<0.01 0.146 }<¢0.00% <0.004
RS-17 - - 0.015 0.037 1<0.00k <O,

Site #6 Rs-18 |. 0.007 <«0.009<¢0.007 <0.006 | 0.003 0.011

site #7 R5-15 |- 0.007 <0.,007 <0.004 -.0.007 0.007 0.003

Site #8 RS-70 |£0.007 - {<0.006 - 0.006 -
Mangrove, Nam-Can

Mretrlp  1-3 - - |<o.005%%0.0058 ] - .
Canal Kinh- q a d d

Ngang 1-3  }.0.03~.0L¢0.03 | ¢0.025 <0.027 }<0,001° 20.001
30nly part of samples analyzec dyalues in pim since surface area of
b3 samples, bulked sample not known &nd therefore computation
4 samples, bulked of lb/acre rate not possible

€l semples
18
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to cause damage to crops in normal agricultural practice.

No herbicide residues could be detected in the semples from Pran
purl Site #28, the dump site in Di-An District, the forest near Cau Muoi
Mot, and the two mangrove sites in the Ca-Mau Peninsula., The failure
to find detectable herblcide in the seccend Ca-Mau site (&t the Kinh-
Ngeng Canal) is interesting insofar as this site had been sprayed
relatively late in the war, one and a helf years before our sampling.

Results: Water Samples

Water samples from the lower part of the mein shipping channel to
Saigon were analyzed for picloram, the most persistent of the herbicides
used for military purposes in SVN. Suspended sedimént--mustly goil--was
geperated from the water by filtration, and the two fractions were
analyzed separately. As Table IV shows, no herbicide was found in the
flltered water, but the sediment of four out of eight samples contained
amounts ranging from about 0.07 to 0.03 parts per billion (ppb) of water
and from about 2.2 to 0.8 ppm of dry welght of sediment. If all the
herbicide in the sediment were {0 become availabl~ in the water, the
levels would be far below the concentrations known to affect even the
most gensitive species, but if only the sediments are considered, the
levels are somewhat higher than those found in the Rung-Sat soil (maximum
0.01 lb/acre = 0,05 ppm)}. Herbicide ir water is usually associated with
sugpended material 1f'such‘ is present, and turbid water may contain more
herbicide thon zlear water. but the relatively high picloram coptent in

the Rung-Sat sediment is somewhat unexpected.

AL
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Table IV,

Analyses for picloram in water samples from the Rung Sat,
Values in ppm. ND = not determined

Location and water Concentration Concentration in sediment i
sampling site no. in filtered
¢ water Computed for  Computed for
water sediment (dry weight
Vung-Tau, No. 2 ND T <0,00002 <0,11
Rung Sat, No. & ND <0,00003 <0,.17
No. 5 ND <0,00002 <0.24
No, 6 ND <0.00002 <0,50
No. 7 <0.0001 0.000043 1.26
No. 8 <0,0001 0.,000036 1.06
No. 9 <0.0001 0.000066 2.24
No. 10 <0.0001 0.000029 0.77
20
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EARLY STAGES OF HERBICIDE BEHAVIOR IN SOIL UNDER TROFICAL CONDITIONS

This section summarizes the Committee's own experimentation

on persistence and disappearance of herbicide:s {n certain tropical soils.

Arricultural Sites .«

In all experiments with agricultural lands, the soil, previously
cleared of any vegetation, was sprayed with either Agent Orange or Agent
White at the rates of (1) three gal/acre (the rate used on most military
spray missions, {2) one gal/acre, and (3) one-i?hii’d gal/acre. The
agents, as manufactured, are much too concentrated *o permit accurate
dosage for the relatively very small plots treated in all our experiments,
and therefore they were diiuted. In the case of Agent Orange, which 1s
insoluble in water, an aqueous emulsion was made with the aid of special
emulsifiers. Agent White is water scluble, and the necessary additional
amounts of water were added directly to the commercial prepeu'-ation. The
application was by means of a carefully calibrated backpack sprayer and
e spray boom designed to ensure a uniform pattern of distribution
(constructed by the Weed Rescarch Organization). All spraylng was
carried out by one and the same person (except in the mangrove microplot
experiment). Comparable plots were left unsprayed as controls. None
of the plots had been treated with herbicides before our experiments.

Beginning some weeks after the herbiclde application and at regular
intervals thereafter, selected c¢rops were sown or planted and their
responses observed about one month later (in the case of paddy rice,
additional data on total yleld were taken after the plants had matured).

Weeds were controlled during and between plantings by hand, and in the

2]

ED_001818_00000115-00023




Philippines experiments also by epplication of a different herbicldes
paraguat. Fertilizer was applied according to locally-established needs;
during plantings, light surface cultivation was applied to the soil,

The main characteristics recorded wére number of surviving plants;
height and x:et weight either of all plants on & plot or of & number

of plants selected at random; number of leaves and, for paddy rice,

of tillers (side shoots emerging near .the ground); plant color; and
symptoms of herbicidal injury. Estimates of general vigor (on & scale
of 0 to 10) and of ground coverage (i.e., the portion of a plot covered
by the folisge of the crop, in percent) were also made for some
plantings. In general, the most useful measurements--since they
provided the clearest indication of herbicide effects or their
disappearance--were survival, plant weight, and degree of herbicidal
damage). In the case of peddy rice, the plants were grown to maturity end

the yields of air-dried grein determined. The results are expressed as

the time, in weeks, from the date of the herbicide application to the

date of that planting in which no effects on the growth of the plants,

as determined by survival and weight, were noted, and if these times

are different, also the time from herbicide application to the date

of that planting in which any herbicide symptoms had disappeared. This

procedure is illustrated by Teble V, which contains deta for two.
speciegs that ere relatively susceptible or resistant to the herbieidal
agents, and by Figure 1, which is derived from these data.

Two experiments wers carried out, one in the Philippines and
one in SVN. The Philippines experiment was conducted on the experimental
farm of Tropical Agri-Search, Makati, Rizal Province, Philippines at

22
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Interval

Survival, growth and herbicide aymptonms of malse and peanute

Table V.

grown in soil treated

with In=l==1/3 gal/acre of Agents Orange and White at different times after appli~

cation,

{Experinent at Alabang, Third Series,.)

Survival and growth {fresh welght after 4 weaks) ave sxpressed as percent of controls
{plants grown on non~treated plots), symptoms on a scale from ++++ (very heavy) to O (absant}.

<

*

Petwasn Agent Orange Agent White
spraying -
the soil Surviving Plants Plant Weight Rerbicide Symptoms | Surviving Plants Plant Welght Hechicida Syoptoms
and
planting 173 b § 3 /3 1 3 173 b1 3 17y 1 3 1/3 1 3 173 b 3
{Gallons par acre) | (Gallons per acre) | (Gallons per acre) | (Gallona per acre) | (Gallona per acre) | (Gallons per acrs)
Maize
4 weexs 9% 84 89 9% 126 138 6 o o | 108 129 e 6 8 518 o 0 0
15 weeka 102 112 11% 123 148 143 0 0 0 &1 el a9 ¢ - % ) 8 o ¢
Paamut
4 veeks 02 100 <o 89 100 1] ¢ - el 200 362 0% 523 332 o] e e -
15 wesks 48 102 128 124 118 120 0 4] 0! 108 13 133 85 117 12 o + +
22 wesks - - - - - - - - - ™ 12 n 99 & 104 L) 0 9

8 pifference from control statistically significant,
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CROP

MAIZE

PEANUT

AGENT AND

DOSE
{gal/acre}

OR

13

1

WH 1 .

3

3

wH 1 L

3 ]

A A S— S Y WO WA T Y AN VA T A -M-Cﬂ

—~~~~~~q

s A S A A A A —

1 1 | | 1 | ] ! | 1 1 |
0 2 4 6 8 10 12 14 18 18 20 22

TIME AFTER HERBICIDE APPLICATION TO SOIL {weeks)

FIG. 1. FPersistence of herbicide effects in raize and pearvt (grephic representation of the results in Tabls v).
The s0lid bars show the time between herbiclde applicatlion to the soll und that planting in which effects of the herbicides
on survival and growth (asz fresh welght) were no longer present, The broken bars show that time after which no herbicide
symptors wede evident. Lack of & broken bar means that herbiclds zympboms were nob present at all, or that they disappeared
st the same time (i.e,, in the same planting} sz effects on survival and growth. Thus, the effecte of Agent Orange (OR) on
wralze wers no longer present in the planting made U weeks after herbicide application; those of Agent White (WH) at 1/3 emt
1 gel/acre were not present in the same (U-week) planting and those at 3 gal/acre in that planting after 15 weeks. (Maize,
ag well us other ceresls and grasses, exhibits few if any of the herblcide symptoms found in broadleaf planta, such as
twisting of stoms ‘and leaves, reduction of the lesf blade, curling of leaf margins.) Effects of Agent Orange on survival
andfor growth of peanuts on soll treated with 1/3 and 1 gal/acre were no longer present in the Yeweck planting, but herbie
eide sy.ptoms remained present until the 15-week planting, wbile on soil treated with 3 gal/acre, effects oo survivel (and
herbicide symptoms) were present until the 15eweek planting, but both had diseppeared in the 22.-week planting. In pessuts
groun on Agent Whiteetreated soll, effects on survival and growth were no longer present in the 15-wesk planting: and
herbicide (picloran} eymptoma on soil treated with 1 or 3 gal/acre disappeared in the 22-week planting.
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In peanuts

c T T T T A T T g T T R T
and grouwth were no longer present in the 1%-week planting; sand

bile on soil treated with 3 gulfacre, effects on survivel (end

W

TR T TR T W T T e e

gal/acre disappeared In the 22.week planting.

'val

15-veek planting,
grown on Agent White-treated soll, effects on marvi

} were present until the 15-week planting, but both had disappeared in the 22.week planting.

I TR WAR OO W MR v R AR TR oW TTEmETROTT O TS

} synptons on soil treated with 1l or 3

A T - e

s remained present until the

_...,-- ‘,i;'a.. B
herbiclde symptoms
herbieide (pleloram

. elde 5

Alabang, near Manila, under a subcontract with the International Rice
angearch Institute, Los Bafiog, the Philippines. The experiment
ansisted of two parts; one for paddy rice and one for "dry crops"
..-alze, sorghum, sweet potato, mung bean, peanut}.

The rice was plented in 82 by 66 £t (25 by 20 m) paddies, three
;nldles were used for-each of the two agents (Orange and White), end each
- .pldy wes subdivided by bunds into four sections for the three dose
-ovels (3, 1, and 1/3 gal/acre) and an untreahed control. Thus, each
*reatment was replicated three times. Flooding was arranged in such a
.uy that water could not move from one plot to'anbther.

The dry crops at Alabang were arranged in three different series.
u one series, the herbiclde epplication was made on February 2, 1972,
‘iring the dry season, and the first planting occurred on February 25,
1772, Plantings were repeated at six-week intervals; all plantings were
lrrigated by soaker hoses and hand watering as long as the dry season
‘asted, In the second series, the herbicide was applied at 1':he same
‘ime as in the first (February 2, 1972), but the plot was ellowed to
rraain fallow until the onset of the wet season. Finally, in the
"iird series, herbicide application was delayed until the wet season
nr i was carried out on May 3, 1972. The first plantings in the second
nzl third series were then made on May 30, 1972, simultaneously with the
*:1rd planting of the first series (which had to be delayed ope week
-+~ause of heavy rains). The objective of this threefold setup was to
v:tain some information on the persistence of the herbicides in the '
alsence of rain. One planting (July 16-17, 1972) was pertly lost in a
Leavy typhoon on July 19-20 and was therefore repeated on August 12-1k,

25
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resulting in a disruption of the schedule. The heavy rains ceused losses
of topsoil and may havc thus caused some loss of herbicide as well.
However, a careful inspection of the pattern of herbicide symptoms in
the most sensitive crop of this experiment--pesmuts--gave no indication
of cross contamination of the differant agents and dosages. The number
of replicates in each of the three series wés three for the controls
(no herbieide) and two for each of the three herbicide levels. Reduction
to two replicates was necessary because of the restricted area avallable.
The experiment in SVN was conducted at the Fa-Kmat Agricultural
Research Station at Ban-Me-Thuot, TLarlac Province, with the suthorization
of the GVN and the Director of the Agric;m:ural Research Institute of the
Minigtry of Agricultn}'e of the RVN, Dr. Thai-Cong-Tung. It was most
capably supervised by the Manager of the Station, Ing. Nguyen-Van-Thoi,
at;d his staff, in particular Ing. Truong-Duc-Bao. This experiment was
feati-icted to crops capable of growth when receiving only natural rainfal]
The individual herbicidal treatments and the controls consisted of three
replicates. The erops were dry (upland) rice, maize, sorghum, sweet
potato, mung bean, and peamat. Because of poor germination and growth
of sorghum during the first two plantings, and becausge herbicide effects
had mostly disappemred by that time, sorghum was replaced by soybean afte.
these plantings. Rice, mung bean, and soybean suffered heavily from
insect attack and the data obteined were less complete than for the
other crops; nevertheless, comparisons between plants on herbit;ide
treated and untreated plots were possible in most cases. The herbicide
applications were made on March 24, 1972, at the nowmal sterting time of

the rainy season. The first planting was on April 22, and subsequent

26
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plantings were made at intervals of six to seven weeks, with the last
one (for Agent White-treated plots only) on October 25, 1972. As the
rainy season In 1972 began unusually lste and was relatively short, end
as no irrigation system was available, the first and last plantings
suffered from drought. The growth of the firss two plentings was impaired
by a heavy growth of weeds. |

The soll at Ban-Me-Thuot is representative of the "red solls" of
SVN. The Committee would have liked to conduct similar work for alluvial
soils, since they rep?esent the soils of the main agricultural region
of the country, the Mekong Delta. However, with the time and manpower
available this proved beyond our capacities. It would also have been
desirable to repeat all experiments for a second year, in order to gain
some insight about annusal variations, but this was not possible either,
because of the time limitation under which we were working. It should
be realized, however, that little crivical research invelving quantitetive
studles of the persistence of herbicides in the tropics has been done.
Thus, the information pertinent to the situation in SVN collected by
the CQm;u.ttee represents, despite its limitations, a significant contribu-
tion of new knowledge to this general problem.

The results of the Philippines experiment are illustrated in
Figure 2, those of the Ban-Me-Thuot experiment in Figure 3. For the
Philippines experiment, only the data for the third series (herbicide
Spplication and first planting at the start of the rainy season) are
shown. In the first serles (herbicide application and first plentings
in the dry season, with artificial irrigation) the time course of
herbicide disappearance was quite similar to the pattern of the third,

7
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Rics
{paddy}
Malae
Sorghum
Sweat
Paotso

FI0, 2. The course of disappesrance of the sffects of herbicldes on selected crops grown on eoil treated with

3, 1, and 1/3 gal/acre of Agenta Orenge or White. Experiment st Alabang, Philippines,
Bars » time 1n vesks Trom berbicide application to the soil to that paquential sowing or planting vhere effacts

of berbicides on curvivel and growth or yleld (solid bars) snd herbicide symptoms {broksn bara) were no longer observabla,
{Lack of & broken bar = herbiside syoploms either not evidenl, or dizappearing st sase time as horbicide effects on

survival, ste.} For furtber sxplanation, ses text, Table V, and Figure 1,
Paddy rice (varicty IN=-20, one of the "miracle varisties” produced by the Intemational Rice Research Instituts)

was planted as J-week 0)d mursery scadlings; sweel potato {locsl variety) as cultings; malze {sweel corn, warietios P 801
aod UICA Synthetic #1 and #2), corghun (variety Cosor #2), wming bean (variety CES ﬁ.&f #nd peasut (unknown varistiss} as

seeds, Whers varieties are known, the moterial was supplied by IRRI.
Criteria Tor yield, survival snd growth: rice = graln yleld; swest potato = survival and length of loogest shoot)

othey crops ~ssurvival and plant weight {fresh) sbout & weeks aftar planting.
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ORANGE

WHITE

g et .
r 13 m
LT T -
X }
"3
Mgl 1 .
s The firat planting of sweet potato failed becsusa of Jack of rain,
eo no information 1s avalleble until later sequentiel plaatings.
Sorgham ";3 ’ 3 The second sowing of cung beans on the Orange plot, including the
3 } control (nontreated soil), was lost becsuss of very poor germination.
The effects of this herbicide at the 1 and 3 gal/ecre levels say thersw
St 13 ) fors have dissppesrsd one sowing earlier than shown, i.e., 10 weeks
Potao ; after poil trestnent,
CSorgtum was sown only twice, & and 10 weeks after berbicide applie
1y [m—— cation. Yo the White 3 gal/acre plots, sone affects on growth say suill
Mung bem | L Y have bean present in the second sowirg. It 1s probable that they would
3 wd have disappesrsd by the next planting date, 17.5 weeks aftar treatment.
R [[— g . e e . e . Soybeans usrs included ornly Segloning with the third sowing, 17.%
Fopp— t ———— --::" wasks after goll treatment. AL this time, Orange at all thrae levels
- 3 e and Whnite at 1/3 gel/acre no longer produced any observable effects or
- , syoptoms on the plants.
Hies (ory} "?'m ®peanuts otill shoved some plelorasm mymptoms ia the £Afth sowiog;
3 1} ase text.
m
Matae 1 [
3 .|
we 1
Sorgum 1t -~
3 > )
Sweny - V2 1 g —— 3
1 ] -t
Pouta 3 ] Nooambmdgnte | {1
3 R 5
Soybem 1 1 pmt—e g F7
3 1 —— - o sk
n —r e o e . s o e St e e e e e e e ) N
3 - |
0" - cem———— S e e e e et e e et e e e e e e s e
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t )| N } [ [ 1 ] 1 { | 1 i 1 [ § A }
0 4 e a 10 12 18 168 18 2 7 24 % 28 a0 32 34

TIME AFTER HERBICIDE APPLICATION TO SOIL (weeks)

FIG, 3. The oourse of disappenrance of harbicide effocts on selected crops grown on soll treated with 1, and
1/3 gad/acre of Agents Orange or White, Experiment st Ban-Me-Thuot, SVH. 3 b

Bare = time in weeks frowm herdlcide application to the soll to that sequantisl eow or planting wheve effects of
berbicidas on survival and growth or yield {sclid bars) and herbicide symptoms (broken bars) were no longer observable,
{Lack of & broken ber = herbicide symptoms either not evident, or Masppearing et sane time ms herbicdde effects on sur-
vival, ste.) For further axplanation, see text, Table ¥, and Plgure 1.

Suset potato wes planted as tubtings, the otber crops es seeds. All crops wers local verieties of unknown origin.

Radn eriteris used to assess herblefde effects: sweet potato - pumbar of surviving planta end length of longest
shoot; other crops - nuaber of muwvivors and welght of plants {tresh), in al) cazes 4-5 weeks after planting.
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vhich means, of course, that the herbicide effects disappeared at corres-
pondingly earlier calendar dates. In the second series (herbicide
spplication in the dry season, but planting delayed for four months
until the start of the wet season) the effects of the herbicides dis-
appeared in general at the same time as in the third plantings. However,
as long as symptoms were discernible they were somewhat more prﬁnounced
in the second than in the third serieﬁ, indicating a somewhat greater
herbicide persistence. The reason for this 1s not clear; one possibility
is that because of lack of competition by water the herbicide molecules
were more effectively adsorbed to the‘aoil particles and therefore some-
what lessg accessible to later loss and degradation.

From Figures 2 aﬁd 3, the following conclusions can be drawn:

1. The herbicidal effects persisted in different crops for
different lengths of time; i.e., the crops differed in their herbicide
sensitivity. The three cereals (rice, maize, gsorghum) were less sensitive
than the broadleaf crops (mung bean, soybeen, peamut, sweet potato)
beceause the recorded deleterious effects stopped sooner.

2. The effects of Agent White lasted longer than those of Agent
Orange. The meln difference between the two egents is that White conteins
picloram while Orange contains 2,4,5-T; the observed effects can be
att;ibuted to the greater persistence of plecloram. .

3. In the Ban-Me-Thuot experiment, the persistence of the two
agents, and particulerly of Agent White, was greater than in the Philip-
pines experiment. Symptoms of plcloram injury were still evident in
peamuts in our last planting at Ban-Me-Thuot, made about 31 weeks after

herbicide application to the soil. Ar this planting was completed at

30
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the onset of the dry season, and as the Phillppines experiment, second
series (herbicide application to soil during the dry season, plantings
jelayed until the wet season) showed “hat the herbicides persist through-
out a dry season, it 1s possible that some plcloram symptoms might have
been found if peanmuts®hed been planted again after the end of the dry
ceason. The reasons for the difference in herbicide persistence between
the two experiments may be due to any one or m}e of the following
factors: (e) use of different varietles; (b) different soils; (c) lower
temperature and less precipitation at Ban-Me-Tfmo"t &s compared to Alabang:
rainfell durlng the period of the experiments at Ban-Me-Thuot was about
64 in,, at Alabang about 90 in. including one typhoon with 7.25 in. in
one day, and another with 23.5 in. in two days,

The results of our experiments, in their entirety, are in full
agreement wﬁti;h past experience on the characteristics of 2,4-D, 2,4,5-T,
and picloram. Specific and varietal differences in herbiclde sensitivity '
are very well known. Indeed, the difference in the response of grasses
and of many broadleaf plants to these compounds are the basis of most of
their agricultural uses. Greater persistence of plclorar, as compared
to 2,4-D and 2,4,5-T, is also well established, and so is the influence
of soil and climatic conditions on the disappearance of herbicldes.

More important than these variations is the faet, clearly brought out in
both experiments, that even though the soil received the massive dose of
3 gal/acre, the herbicides did not affect growth, even of highly sensi-
tive crops like the legumes, for more than about 30 weeks. Even if
Peanut plantings at Ban-Me-Thuot should show some picloram symptoms one
Year after soil treatment, it should not be overlooked that effects on

31
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growth and survival had disuppeared after 17.5 weeks. It should also
be appreciated that our results are overestimates in two resgpects,
First, although the highest dose of herbicides used in our experiments,
3 gal/acre, was that used on the military herbicide missions, it is
considerabl{ in excess of what would in most cases reach the soll at
least on & 'ﬁrat mission over a particular region, when & major part
of the herbicide would be intercepted by the vegetation and never reach
the soil in an active form. Second: if herbicide effects were present
in a planting that was made four weeks after the soil treatment and
observed for another four weeks, but were absent in the next planting,
made 15 weeks after the soil treatment (e.g., the effects of Agent White
on survival and growth of peapnuts in the Philippines experiment), this
result is shown as "no effects after 15 weeks." However, the herbicide
may in fact have dropped below the effective level for this crop any

time from 8 to 15 weeks after epplication to the soil.

Forest Sites

Experiments with forest soils were conducted on & cleesred forest
site on Mount Makiling near Los Bafos, the Philippines, kindly provided
by the Philippine Department of Forestry, and on & site presently used

as & plantation, about 27 yeers old, of Hopea odorata, & dipterocary,
at the Ea-Kmat{ Station st Ban-Me-Thuot. The former site consisbed of
two plots, 100 by 50 £t (30 by 15 m) in size, the latter of two narrower

strips about 90 and 96 £t {27 and 29 m) long and 6 £t (1.8 m) wide. The

plots were separated ia:,r buffer zones to exclude cross contemination of

the two agents. One plot was sprays=d with Agent Orange and the other wit.
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pgent White; the dose was 3 gal/acre, 1.e., the rate uscd by military
spray missions; and the ground was cleared of vegetation as in the
experiments with agriculturel soils. At Los Bados, both 10-in. (25 cm)
qurface samples and 30-in. (75 cm) cores were taken. At Ban-Me-Thuot,
because of the dry conditions, the soll was very hard and only surface
semples could be taken except on the last sampling occasion. Resldues
were determined by chemical methods alone; the results were, however,
in agreement with observations on natural revegetation of the sgprayed
plots.

The results of the Los Balos experiment are shown in Figure L,
those of the Ban-Me-Thuot experiments in Figure 5. It can be seen that
both 2,4,5-T and picloram disappeared from the soil quite rapidly, but
picloram faded more slowly (it must be remembered that the initial dose
of picloram was only 25 percent that of 2,4,5-T). The disappearance
was greatest in the periocd immediately after herbicide application and
then became relatively slower. It should be ncted that the ordinate
axes in Figure 4 and 5 (and likewise in Figures 6 and 7) are on a
logarithmic scale; the absolnte drop In the early perlod is thus much
larger than may be apparent. For example, the picloram content in the
top 10 in. of the Los Banos soil dropped from the theoretically-applied
lose of 1.6 1b/acre to 0.49 1b/acre, in 13 days to 0.29 lb/acre, and in
31 more days to less than 0.02 lb/acre. By thc end of the experiment,
183 days after application, it hed dropped relatively much more slowly,
to 0,008 1b/acre. The disappearance of 2,4,5-7 was more rapid than that
of picloram, considering the almost 10 times higher initial dose, but the

difference was not striking, and by the end of the observations (189 days
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FIG. 4, Disappearance cf herbicides (A, 2,4,5-T; B, plcloram} from a forest soil on Mount Makiling
near los Banos, the Philippires. The applied quantities were 13 1b/acre 2,4,5-T and 1.6 1b/acre picloran.
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at Los Banos, 249 days at Ban-Me-Thuot) the levels had dropped either to
slightly above or to below the detection limit. Disappecarance of both
herbicides in the surface and deep samples of the Los Bafios experiment
(0-10 in. and 0-30 in., respectively) proceeded in @ similar manner (the
discrepancy on the 105th day is most probebly due to varlations in the
samples).

As already mentioned, results of ,o:bservati.ons on revegetatlon of
the treated plots agree with the chemical date, indicating rapid dis-
appearance of both 2,4,5-T and picloram {and of 2,4-D). At Mount
Makiling, 3.5 montha after the her‘bicideﬁ applicetions, both the Orange-
and the White-treated plots had been fully revegetated, with a major
component of broadleaf he:;'baceaus plants including wild tometoes. The
latter--a species highly sensitive to all three herbicides used-~had
produced ripe fruits end must have started growth two months if not
eerlier after herbicide application. Two months later, i.e., 5.5 months
after herbicide application, the plots were covered mainly with grasses
that had largely replaced the broadleaf species, and numerous (unidentified)
tree seedlings were present in the grass. The only possible herbicide
effect still noted was an off-color individusl of Philodendron sp. in

the White plot. Otherwise, the treated plots were indistinguishsble
from the surrcunding vegetation on nontreated soil., At Ban-Me-Thuot,
the Qrange-treated plot was at the last cbservation (249 deys after
treatment) fully revegetated with the same species that occurred in the
untreated surrounding areas; the White-treated plot was still sparsely

vegetated, but was being actively recolonized from the untreated areas,

ED_001818_00000115-00038



War, Tove

The experiments with mangrove solls wore performed in a mengrove
ar-a at Chi-Linh near the city of Vung-Tau. Thls ares was within the
pnrimeter of the National Popular Forces Training Center; permission
rur the experiments was granted by the Commander of the C:nter end the
city Council of Vung-Tau. The exact elevation of the experimental plots
iy not known, but they appear to be quite frequently flooded at high
tide., On all days we visited the area we observed either flooding or
evidence of recent flooding.

For the initisl experiment, an area 174 by 96 £t (about 50 by
30 m) was cleared of all vegetation ard divided into three parts, each
_ 40 by 48 £t (about 30 by 15 m), separated by 15 £t (4.5 m) buffer strips.
one of the outer parts was sprayed with 3 gal/acre of Agent Orange, the
other with the same amount of Agent White; the center part remained
untreated as a control. Spraying was carried out at low tide, when the
501l was dry. Soil surface samples were taken for the first time one
day (two tides) after the spraying and sampling of both surface semples
and cores wes repeated five times: 20, 4O, 72, 119, end 201 days after
spraying. Seedlings of two major mangrove specles, Rhizophora apiculats
and Ceriops tagal, were planted in groups of 100 at the time of the
sceond, third, fourth, and fifth soll sampling and were observed about
23y 35, and 50 weeks after the dete of spraying. The number of groups
w83 originally six per treatment, but in the Orange plot some groups
vere on the margin of the sprayed aree and werc discounted, reducing the
w=ber of gome plantings to four. The results of this experiment,

d-alvnated as "Mangrove Clcarcd," are shown in Figures 6 and 7,
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Figure 6 1llustrates the disappearance of 2,4,5-T and picloram
from the soll. The trend is quite gimilar to that found in the forest
s0ils (see Figures U4 and 5);: an initial rapid rate of disappearance
that falls off with time. The very marked drop one dey after spraying,
apparent :aspecially in the case of picloram, may be in some part due to
washing out by the tide. Also, particularly in the case of picloram,
the cores contain consistently hig)xer levels of herbicide than the sur-
face samples, suggesting that the l;atter had penetrated into subsurface
layers and possibly further. The levels of both herblicides 201 days
after spraying were either near thé lowest limit of detection, or below.

Figure 7 summarizes the results of the planting experimente. Two
features stand out. '

First, survival was low. Twenty-nine weeks after spraying, only
between about 3 and 20 percent of the Rhizophora seedlings were still
alive, the later plantings dcing relatively better than the earller ones.
Most of the seedlings of the earllest Ceriops planting were dead, but
this was mainly because they were transplants from & prepared bed; they
had slready formed roots and d4id not survive the shock of trensplanting.
In the later plantings, seedlings were collected from neighboring trees
and survival was better. The decline in survivor pumbers continued,
although at a slower pace, to the lest observation. One reason for
seedling death is most probably injury by crabs; seedlings with bitten
roots were found partislly pulled into the soill. However, we are in
no position to say whether crab damage 1s a mejor or minor cause of the

seedling loss observed.
Second, even in the earliest planting (made three weeks after

bo
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a5 o2 /4ng and vhen the ‘her'bicide content of the soilw;was still 0.42 to
C.o L1t/acre of 2,4,5-T and 0.0Ll4 to 0.029 :Lb/am::‘e:~ vicloram) there was
ro 11foerence In survival between the seedlings on the Or}ange , the I;Ihite »
a:.! the control plots. For example, on the October 4 observation date R
ovr gurvival in the April 6 planting of Rhizophora on the control plot

- was 4.7 percent, on the Orange plot 4.2 percent, and on the Wnite plot
».% percent; for the July 14 planting the values were 18.7, 18.5, and
21.7 percent, respectively. By the last observation date, the values

iz the April 6 planting had dropped to 3.0, 3.0, and 1.6 percent, |
respectively, and in the July 14 planting to 10.4, 6.0, and 10.7 percent,
respectively. But in no case were there large differences between the
rontrol, Orange, and White plots within plantings of one and the same
date; that is, there was no effect of herbicide residues on establish-
zent of Rhiigghora and Ceriops seedlings.

Because of this result, which was somewhat surprising in view of
ths sensitivity of mangrove communities to aerial spplication of herbi-
cile, and because of the poor seedling survival, the experiment was
rereated; however, it was modified to simulate conditions in an intact
=argrove that hed not been cut or sprayed with herblicides. For this
yurpose, 27 microplots of one square m (1.2 ydz) were cleared of vegetae~
tion, PRighteen ﬁere hand-sprayed, nine with Agent Orange and nine with
Azent White at the same rates as in the "Mangrove Cleared" experiment;
the last nine remained as untreated controls. Soil surface samples and
cores were taken 26 or 28, 45, 82, and 138 days after spraying; Rhizophora
ard Ceriops seedlings were planted 4, 6.5, and about 12 weeks after

5iTa/irg, on each occasion 4O seedlings per plot, three plots each for

1A ]
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Orange, White, and control.

Figure B shows that disappesrance of the herbicides (2,k4,5-T
end plcloram) proceeded much as in the "Mangrove Cleared” experiment.
Perhaps it occurred a little more rapidly, sinece 2,4,5-T had dropped
below the detection limit by 138 days in both surface semples and cores
(in the former, it was undetectable even at 82 days) while in the
"Mangrove Cleared” experiment traces were still detectable in core
samples after 201 days. It should be noted that the soil of the micro-
plots site contained more sani than that of the "Mengrove Cleared"
experiment; tidel flooding may also have been somewhat less frequent.

Figure 9 illustrates the behavior of seedlings. Survival was
much better than in the "Mangrove Cleared” experiment--and in Rhizophora
bettezj than in Ceriops. Compare particularly the November 15, 1972°
observation dete in Figure 7 and the March 1, 1973 date in Figure 9;
both represent a similar period after spraying (about 3L and 35 weeks,
respectively). It appears that the situation in a largely undisturbed
mangrove can be & good deel more favorable for the establishment of
mangrove seedlings than in a relatively large, cleared area in the mangrove.
With respect to the herbicide effects, however, the microplot experiment
gave results quite similar to those of the "Mangrove Cleared" experiment.
Although at the time of the first planting the soil still contained
substantiel amounts of the herbicides, and although some seedlings of
this planting on the Agent White-treated plots exhibited characteristic
picloram symptoms (pale leaf color, rolled-up leaf margins), the numbers
of survivors in this as well as in subsequent plantings were comparable
on control, Orange-treated, and White-treated plots. In other words, both

k2
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experimerits show that three to four weeks after applicetion to soil at
the rates of 13 lb/acre 2,4,5-T and 12 lb/acre 2,4-D, or 1.6 1lb/acre
picloram plus 9.3 lb/acre 2,4-D, none of these herbicides impaired the
establishment of mengrove (Rhizophora apiculata and Ceriops tagal)

gseedlings. Nor was the seedling growth, a&s expressed by height, different

in both experiments on herbicide-treated and control plots (Table VI).

&
GENERAL CONSIDERATIONS OF THE DISAPPEARANCE OF HFRBICIDES APPLIED
TO THE SOIL IN VIETINAM AND SIMILAR ENVIRONMENTS

rative Patterns of Persistence ¢
in Different Soils :

The disappearance pattern of phytotoxic residyes from all the
solls examined in the present study is similar to that found in the
more extensive investigations undertaken in temperate regions. In whole
core samples (Figures 4, 6, and 8), the percentage of the theoretical
amount initially applied that was left in the soil by the final sampling
oceasion (up to 240 days after application) ranged from 0.15 to 0.23
for 2,4,5-T and from 0.12 to 0.5 for picloram. Examination of the residual
phytotoxicity to selected crops (Figures 2 and 3) indicates that, for the
highest rate of application, the interval required before symptoms of
injury were no longer observed varied. For Agent Orange the time renged
from 4 weeks for & resistant crop such as maize to 18 weeks for a sus-
ceptible species such as peanuts. The data for Agent White were 4 weeks
for meize and 31 weeks for mung bean. For peanut, at the highest doses
slight symptoms of phytotoxicity were still observable at the final

assessment. Comparsble data from other parts of the tropics are meager

b5
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Table VI.

Average height (in.) of shoot above ground level of
mangrove seedlings planted on herbicide treated and on
untreated (control} plots. (Date of observation March 1, 1973)

) Rhizophora Ceriops
Planting Date co;ntrol Orange  White Control Orange White
“Mangrove Cleared" Experiment®
May 28, 1972 16.2 15.5 164 1.3 0.2 10.5
July 14, 1972 14.8 4.8 16.6 10.9 1.0 11.5
Microplot Experimentb
August 5, 1972 bk 13.4 k.1 g.h 0.1 2.1
October 10, 1972  16.5 15.8 15.9 9.8 9.2 9.1

&Mangrove Cleared" Fxperiment: Herbicide applicetion March 17, 1972.
Number of plants per treatment measured between 7 and 58. Number of plants

in two earlier plantings (April 6 and 27)

too small for valid observations.

bMicroplot Experiment: Herbicide application July 15, 1972. Number of

plants per treatment measured 32 to 4S5,

Only first and last plantings shown.
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and none exist for mangrove solls. The results of some relevant experi-
ments have been collated in Table VII. 1In the Puerto Rico fileld study
on two susceptible species the time for disappearance of phytotoxic
effects was 8 weeks for a mixture of 2,4-D and 2,4,5-T and 12 to 53 weeks
for a mixture of 2,&-D,‘2,3+,5-T, and picloram. These intervals are in
the same range as those found in the present investigation. In the Puerto
ﬁican forest soil experiment, the 0.7 percent p%ploram residue at the end
of one year iz not out of line with the range of :’.3.3 to 0.5 percent in
Figures 4B and 5B, considering both the much higher dose (9 compared to
1.6 1b/acre) and the much longer interval befbre‘thg terminal sampling
oceasion. For the other three sources quoted, comparisons with the data
from Southeast Asia can only be tentative. If it is postulated that the
shapes of the degradation curves against time are relatively independent
of the initial doses, then on the basis of the data for the two forest
soils (Figures 4 and 5) interpolation would predict a 90 percept loss
of both 2,4,5-T and picloram within 15 days, wherzas the observed inter-
vals in Texas were 1.5 months for 2,4,5-T end 2.3 months for picloram.
Similarly, the intervals recorded for a 30 percent loss under temperate
conditions in Table VII again exceed those predicted for forest soils in
SVN and the Philippines.

The processes by which a herbicide is loat from the soll and
that hence determine its persistence can be divided into those that
remove the chemical unchanged from the system, and those responsible for
its decomposition within the system., The first group consists of vola-
tilization, leaching, runoff, and uptake by plants. The second involves

chemical breakdown by bilologicel and nonbiolorical processes. The data

b7
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Table VII.
Disappearance of 2,4-D, 2,4,5-T and piclorem from soil in warmer climates.

Herblcide and dosage Observation

Field Study in Puerto Rigo
(Bovey et al, 1968) Time (in months) for no symptoms on:

. Soybean Cotton
Picloram, 6 1b/acre 6.5 3
2,4-D + 2,4,5-T, 12 + 12 1b/acre 2 2
2,4-D + 2,4,5-7 + picloram, 6 + 6 + 3 1b/acre 6.5 3

Forest in Puerto Rico

(Dowler et al. 1969) Amount left in top 48 in. after one
. year (in percent)

Picloram, 9 1b/acre 0.7
Picloram, 27 lb/acre 5.5
Pield Studies in Texas
(Bovey et al,1969, Bavey Time for 90 percent or more
and Baur 1972) degradation (months)
2,4,5-7, 0.5 and 1 1b/acre Iess than 1.5
Picloram, 1 oz/acre 0.7
Picloram, 1 1b/acre 2.3

For comparison, Temperate Climate Conditions (average figurea)

Time for about 90 (75-100)
_percent degredation (months)

2,4,5-T 3-6
("Report on 2,4,5-T," 1971,
Kearney 1970)
Piclorem, 1 oz to 1 1b/acre 3-16

(Hamaker et al. 1962, Herr et al. 1966,
Scifres et al. 1971, Bovey et al. 1969)
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reported in this chapter must be interpreted in the light of (1) what is
known from previous investigations of the importance of these factors on
the behavior of 2,4-D, 2,4,5-T, and picloram in soil, and (2) the charac-
teristics of soll and climate in SVN that may' affect herbicide persistence.

-

Volatilization and Photodecamposition

The n-butyl esters of 2,4k-D and 2,1;,5-33, the constituents of
Agent Orange, are moderately volatile (see Secti:on II ¢, Part A of the
Report on the Effects of Herbicides in South Vietnam) and might be
expected to vaporize quici:ly on contect with soil or plant surfaces under
troplcal conditions. The ability of plants to hydrolyze esters of 2,4-D
to the nomvolatile acid is ‘wel.l Iihown, tut some loss 'as a vapor from leaf
surfaces before entry 1is a possibility. In soil, rapld hydrolysis occurs
even at low moisture levels (Smith 1972); this could reduce or eliminate
losses in a vapor form. Moreover, under very dry conditions adsorption
of volatile herbicides by the soil surfaces is well known to reduce such
losses. The salt forms of 2,4-D and plcloram used in Agent White are not
appreciably volatile, and significant losses by this route can be dizcounted.
It 1s probable, therefore, that volatilization from soil was not of major
importance,

In laboratory experirents the acids can be decomposed by the action
of light, but under field conditions it 1s generally unlikely that such
losses would be appreciable; this expectation agrees with the observations
already recorded at Alabang. Here the residual toxicity of Agent Orange
applied in the dry season (February 2), with the soil surface left un-

disturbed until erop planting on May 30 was similar to the residusl

L9
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toxicity in plots sprayed on May 3 and also plant-d on May 30. Thus
losses from soll due either to photodeccmposition or volatilization are
likely on theoretical grounds to have been small. Morcover, the lack
of phytotoxic symptmnf in susceptible crops plantel in our control plots
immediately adjacent to plots sprayed with Agents Orange and White

suggested that volatilization was of little conscquence.

i

Runoff

Any material applied to the soll is liable to be carried from
the site of action when rain causes surface runoff and wetcr erosion;
the degree depends on the intensity of the precipitation, the soil
characteristics, the nature of the surface, and topograplical features.
The amount of herbicide removed in the surfecec wash will mlso be depen-
dent on the interval since application. In the present experiments the
only evidence Por runoff after heavy rain came from {1) the phytotoxie
symptoms observed below the treated plots (which were situatcd on & slope
in the forest soil experiment in the Philippines) and (2) from picloram
symptoms on untreated plots of very susceptible crops obscrved after the
heavy typhoon at Alabang (noted above). It has also been mentioned that
in the mangrove experiment on the cleared sitc the herbicidal contents
of the surface samples taken two tides after aprlication ray in part have -

been affected by tidal waters cerrying away some of the surface particles.

Leaching
The proportion of a herbicide that is physically bound within

the soil matrix is dependent on its physicochemical characteristics and
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the nature of the s0il. A combination of these properties determines
the amount thet is transported downwards through the soll by water per-
colating from the surface. This leaching action is dependent on two
:lnteraéting gets of conditlons. The downward Mment of the soil
solution will occur c}nfy when on average the amount of incoming rain
exceeds the amount of water lost by evaporation from the soll and trans-
piration from the vegetation. The amount of herbicide that moves down-
ward iz dependent on both the freedom with which the soil solution can
pass through the soil pores, and the concentration of herbicide in solu-
tion (which will be in equilibrirm with the amount retained on the
surfeces of the soil particles). .Thus losses of herbicides will be
greatest when rainfall markedly exceeds evepotranspiration, the soll is
free draining, and the retentive power of the surfaces is low. Losses
will be minimal (1) in the dry season, (2) when the soll is relatively
impermeable, and (3) if the capacity for adsorption is high. For individual
herbicldes there is the further consideration that the greater the degree
of binding on any one soil type the less the liability of leaching.
Against this background 1t would be expected that the capacity for
retention would be less for the forest soils at Los Bahos and Ban-Me-Thuot
than for the heavy clay soil at Alabang and the estuarine muds of the
mangrove experiments. It would also be expected that leaching would be
least at Ban-Me-Thuot, which had the lowest rainfall over the experimental
periocd. Since no basic data are available for the conditions of mangrove
solls, the effects of the fluctuations ir. the water table and intermittent
flooding of the surface are not predictable, but 1%t 1s likely--at least
during the initial phase--that each time the wqter table recedes from the
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surface layer there will be some transfer of the herbicide to a lower
depth. There 1s some suggestion of this in Figure 6A and B, since the
cores tend to have a higher content than the surface samples.

It is very difficult to disentangle the losses caused by leaching
from the losses related to the activities of microorganisms. But at
least in some experiments it would seem that the component of leaching
was small. For exemple, it is apparent that om the forest soll experi-
ment at Ban-Me-Thuot (Figure 5A and B) the progressive disappearance of
both compounds took place under conditions where, éubsequent to the initiel
spraying, lack of rain led to steadily drier soil over the first three
wonths; hence, there cannot have been appreciable leaching from the surface
layers. Moreover, if leaching is & major component it would not be
expected thet In the Pran Buri Calibration Grid picloram would be still
present after elght years, with the residues largely present in the top
layers of the soll.

These findings are in general agreement with the literature and
the expected behavior of 2,4-D and 2,4,5-T where they appear as the perent
acids, which have a low solubllity in water.

The extent of the leaching of highly soluble plcloram is dependent
on the soil type; it is seemingly most marked in sendy soils (Bovey et al.
1969). Leaching is known to occur to considerable depths, and those who
heve looked at depths greater than 3-4 £t have generally found traces,
although higher concentrations occur near the surface. On the basis of
picloram's greater mobility compared with 2,4,5-T (Helling 1971), 1t is
puzzling to note from Table VIII that in the first bl days the proportion
of the remaining residue of picloram found in the top laycr is much larger

than that of 2,4,5-T.
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Table VIII.

Changes in the distribution of herbicides in forest soil,

Los Bafos, the Philippines,

(Figures are percent of toal found at each depth)

Days
Depth (in./cm) 13 44 105 189
2,4,57T s
Top {(0=10/0-25) 68,7 44.9 59.8 -
Middle {10-20/25~50) 17.9 3.1 a5.7 -
Botton {20-30/50-75}) 13.4 24.0 4.5 -
lb/acre (average) 1.37 0.l6 0.09
Picloram
Top (0-10/0-25) 98.3 90.9 22.6  63.1
Middle (10-20/25-50) 1.1 5.5 42.8 23.4
Bottom {(20-20/50-75) 0.6 3.6 33.5 13.5
1b/acre (average) 0.27 0.03 0.03 0.01
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Degradation

It is well established that 2,4-D and 2,4,5-T are degraded by
soil microorganisms--2,4-D very rapidly, 2,4,5-T more slowly. There is
also firm evidence that repeated treatmens with these herbicides accel-
erates the rate of brée{]‘:down. Factors that favor the growth of micro-
organisms, such as high temperatures, molist conditions, and a ready
availability of substrates, also enhance the level of decomposition.
Such studies, including the chemical pathweys of degradation, have been
extensively reviewed by Loos in Kearney and Kaufman (1969).

The course of degradation of 2,4-D and 2,4,5-T by eoil micro-‘
organisms is well documented. At first little breakdown takes place
(1ag phase), then the rate bullds up repldly to & high level, which is
followed by a third phase when the rate declines. The deta of Figures
LA, 54, and GA share these common characteristics: the amount of herbicide
present in éhe soil at first falls rapidly, but later the rate of dis-
sppearance slows down. Thus, on the basis of the similarities between
these field studies and the laboratory studies of metabolic degradation,
it can be postulated that both in the mangrove and forest soils micro-
organisms played a major role. Since, however, there was no prior infor-
mation on the capacity of the microorganlams present in these types of
tropical soils to decompose the more resistant 2,4,5-T, an experiment was
carried out at the Weed Research Organizetion (Hance, personal communication)
in vhich radiosctive 2,4,5-T n-butyl ester (lhc-labeled carboxyl group) was
applied to both mangrove and upland soils from SVN. The results confirmed
that these soils were capable of degrading 2,4,5-T to carbon dioxide in
the laboratory. When the output of radicactive CC, was plotted aegainst
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time, the curves showed the typical lag pkase associated with microbial
degradation (Audus 1964). The soil samples used for this experiment were
taken from the area of the dump site in the Di-An District, the Kinh-
Ngang Canal in the Ca-Mau Peninsula, and frem Site #l1 in the Rung-Sat
Special Zone. The last two were mangrove soils.

Reference has already been made to the possibility that 2,4-D
and 2,4,5-T may be decomposed by the action of ligflt, but there are other
nonblologidal processes that participate sach as hydrolysis, oxidation,
and reduction. The surfaces of soil components may or may not catalyze
these reactionsg; this matter requires further study.

The pathways of disappearance of picloram are not adequately
understood. The available evidence suggests thet photodecomposition,
leaching, and microorganisms are all involved, with the latter probably
playing & major role (Upchurch 1973). Thus there is supporting evidence
that the losses of picloram with time shown in Figures 4B, 5B, and 6B are
agsoclated with the activities of microorganisms.,

To conclude, the data collected by the Committee from experiments
and soil samples in SVN, the Philippines, and Thailand all indicate that
the general disappearance pattern of the three herbicides is in line with
that well known for temperate regiqns. Moreover, ell information the
Committee was able to gather locally from farmers, village and district
officials, and agricultural advisers indicated that crops could be grown
again with no reductions in yield or other 111 effects the year following
one or more herbicide missions. If crops were not grown it was either

because of lack of security, or apprehension that the herbiclde treatment

might make the produce unfit for consumption.
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GENERAL CONCLUSIONS

Several deficiencies in our studies have been mentioned before.
We were able to collect scll samples in only one forest area in SVN
that had been sprayed during the war; we were unable to make collections in
forest areas that héa received the relatively heaviest spreyings. We
were also unable to repeat our own experiments for a second year, and to
conduct them on the other major soll type of S{'N, the alluvial soils.

However, these deficiencies are counterbalanced by two important
considerations. First, our evaluatlion of persistence included different
agricultural and forest soils (in SVN and the Philippines) as well as
mangrove soils. The sites were selected because local conditions happened
to be favorable and, except for trying to take samples in heavily sprayed
arcas, and to include soils from vegetation types most extensively
subjected to military herbiclde sprays, no attempt was made to glve
prefeiential coverage to a particular soil type or any other factor.
Second, our findings, at least those on the fate of herbicides in solls,
are in excéllent agreement with general experience on this problem.

Thus viewed, our data possess considerable internal consistency
and, in our opinion, permit a number of general conclusions, namely:

1. The behavior of herblcides in the soils of Vietnam end the
Philippines is similar to that reported for soils elsewhere.

2. Only where herbicides (2,4-D, 2,4,5-T, picloram) were applied
in very massive doses (the former two in tbe magnitude of 1000 lb/acre,
picloram at 20 1b/acre: Pran Buri Calibration Grid; see Table II), are

they etill in part present in concentrations that are above the threshold
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likely to induce phytotoxie symptoms in some specles.

3. Where applied to mangroves at total doses approaching 100 1b/
acre of 2,4-D and of 2,4,5-T, or 3 or more lb/acre of picloram, the
herbicides may still be present at low levels. Although the amounts
present varied between sampling sités, the levels were guch that the
likelihood of damage to crops that could be grown under these conditions
can be discounted. They were far below the levelks, that, in our own
experiments, had no effect on the establishment of seedlings of Rhizophora
apiculata and Ceriops tagal. Moreover, seedlings‘an& young plants of
mangrove species that we observed in heavily sprayed arecas of the Rung-
Sat, where 2,4,5-T and/or picloram were still detectable by chemical
methods, did not exhibit any herbiclde symptoms.

h, In areas subject to one or two herbicide missions 1.5 years
before sampling, no phytotoxic residues couid in general be detected.

5. Our results indicate that after & single application of
Agent Orange, even where conditions are such that all the spray reaches
the soil, crops sensitive to 2,4-D or 2,4,5~T may be safely sown after
four to six months of wet weather; after an application of Agent White
under the same conditions, resistant plants like rice and maize can also
be safely planted four to six months after epplication. In this connec-
tion, it is appropriate to point out once more that the dosage used in
our experiments, i.e., about 6 or 12 1b/acre of 2,4-D and 2,4,5-T, and
1.5 1b/acre picloram, applied to the bare soll, was considerably higher
than the dosage that would have reached the éoil when the forest or man-
grove sites were pprayed for the first time because of interception of the

spray droplets by the canopy.
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6. Claims that the herbicides as they were used during the war
have rendered the soil "sterile," permanently or ut least for prolonged
periods, are without any foundation. It should be noted that these
claims were contrary to all existing information for the herbicides in

question.

REFERENCES

2 *

Audus, L.J., ed. 1964, The physiology and biochemistry of herbi-
cildes., Academic Press, London and New York. 555 pp.

Bovey, R.W. and J.R, Baur. 1972, Persistence of 2,4,5-T in grass-
lands of Texas. Bull. Environ. Contam. Toxicol. 8:229-33.

, F.R. Miller, and J. Diaz-Colon. 1968. Growth of
crogg én BfOils following herbicidal brush control in the tropies. Agron.
J. 60:678-9. "

s S.K. Lehman, H.L.Morton, end J,R. Baur. 1969. Control
of live oak in South Texas. J. Range Manage. 22:315-8.

Dowler, C.C., W. Forestier, and F.H, Tschirley. 1969. Effect and
persistence of herbicides epplied to soll in Puerto Rican forests. Weed

202... 16:1"5-500

Executive 0Office of the President, Office of Science and Technology.
March 1971. Report on 2,4,5-T: a report of the panel on herbicides of
the President's Science Advisory Committee. U.S, Government Printing

office, Washington, D.C. 68 pp.

Hamaker, J.W., C.R. Youngson, and C.A.I. Gorirg. 1962. Prediction of
the persistence and activity of tordon herbicide ir soils under field
conditions. Down to Barth 23:30-36.

Helling, C.S. 1971. Pesticide mobiliiy in solls. II. Appliecation of
s0il thin-layer chromatography. Proc. Soil Sci. Soc. Am. 35:737-43.

Herr, D.E.,, E.W, Stroube, and D.A, Ray. 1966. The movement and
persistence of picloram in so0il. Weeds 1k:248-50.

Kearney, P.C. 1970. Herbicides in the enviromnment. Agricultural
Research Service, U.S.D.A,, Beltsville, Mi, VC/70/Wp/26.

and B.D, Keufman, eds. 1969, Degradation of herbi-
cides. Marcel Dekker, Inc., New York.

56

ED_001818_00000115-00060



McKone, C.E, and J.R. Hance. 1972. Determination of residues of
2,4,5-trichlorophenoxyacetic in soil by gas chromatography of n-butyl
ester. J. Chromatog. 69:204-6.

Scifres, C.J., R.R. Hehn, and M.G. Merkle. 1971. Dissipation of
picloram from vegetation of semiarid rangelands. Weed Sci. 19:329-32.

Smith, A.E. 1972. The hydrolysis of 2,4-dichlorophenoxyacetate
esters to 2,4-dichlorophenoxyacetic acid in Saskatchewan soils. Weed

Res. 12:364-72.

Upchurch, R.P. 1973. Herbicides in plant growth regulators. In
Organic chemicals in the soil environment, Vol. 2. C.A.I. Goring
and J.W., Hamaker, eds. Marcel Dekker, Irc., New York. 968 pp.

59

ED_001818_00000115-00061



